We present a tunable transmissive grating beam splitter for multiple laser line separation based on acoustooptic interaction in tellurium dioxide. Acousto-optic devices are well known for light modulation, frequency shifting, ltration or deection. Unlike the classical operating modes of acousto-optic devices, we consider the simultaneous diraction of several optical wavelengths by a single ultrasonic frequency. The device is based on the Bragg anisotropic interaction in the specic tangent phase matching conguration. The acousto-optic interaction takes place with a single ultrasonic frequency and the diraction eciency remains high over a wide optical spectral range. The dierent diracted beams are then angularly well separated, due to the slow velocity of the ultrasonic wave propagating in tellurium dioxide. The optical bandwidth is directly related to the operating ultrasonic frequency. Numerical calculations were carried out to determine the main parameters of the device: operating ultrasonic frequency, optical bandwidth, tunability range, crystalline cut and transducer length. A practical device has been designed for visible spectrum. Experimental results are presented as for example a spectral bandwidth from 450 nm to 550 nm with a carrier frequency f0 = 125 MHz.
Introduction
Acousto-optic devices are based on the diraction of optical beams by ultrasonic waves. These interactions take place in specic crystals exhibiting good photoelastic properties. Among available acousto-optic materials, tellurium dioxide is truly remarkable due to its highly optical and acoustical anisotropic properties leading to specic congurations of acousto-optic interaction [13] . Acousto-optic devices are mainly used for light modulation, frequency shifting, deection, or optical ltering [4] . In this paper, we present the investigation process leading to a dynamic acousto-optic grating beam splitter, based on the well know tangent phase matching conguration (TPM) widely used in acousto-optic deector [5] . The TPM conguration gives a larger spectral bandwidth at the condition that both the incident optical angle and the ultrasonic frequency are well selected, as shown in this paper.
The device can be considered as a dynamic transmissive diraction grating [6] and the operating principle is depicted in Fig. 1 
Wave vector diagram
The tangent phase matching acousto-optic conguration in tellurium dioxide has been extensively detailed in a recent paper [7] considering wave vector diagram, phase mismatch, crystalline cut, bandwidth etc. In order to illustrate the conguration of multi-wavelength anisotropic interaction, we consider the simultaneous (66) wave vector diagrams at dierent wavelengths in the visible range with a single ultrasonic shear wave propagating with an angular tilt from the [110] axis frequency (Fig. 2) . As for example, the phase matched interaction (phase mismatch ∆Φ = 0) is established for the blue wavelength λ B with the ultrasonic frequency f 0 (wave vector K) and the incident angle θ i . For the green wavelength λ G , with the same ultrasonic frequency f 0 and incident angle θ i , the interaction takes place with a given phase mismatch. However, another phase matched interaction is obtained for the orange wavelength λ OR . Finally, the phase mismatch also increases for red light λ R .
The diraction eciency rapidly decreases for higher optical wavelengths and the same behavior occurs for lower optical wavelengths as for ultraviolet light λ UV . Thus, we obtain a spectral bandwidth with ripple depth criteria as those usually found for the frequency bandwidth of acousto-optic deectors operating with a single optical wavelength. A precise selection of the couple (incident angle θ i , ultrasonic frequency f 0 ) leads to classical criteria of 3 dB or 0.5 dB bandwidth. All the wavelengths have been tested simultaneously and the photograph reported in Fig. 4 shows the corresponding diracted beams. As expected a large angular separation between the diracted beams is obtained, due to the low velocity of the ultrasonic shear wave A. Dieulangard et al.
(676 ms −1 ). The separation angle between the diracted beam corresponding to λ = 458 nm and the one corresponding to λ = 532 nm is 1
• . The measured diraction eciency is higher than 60% for all the wavelengths.
Conclusion
In this paper, we have presented an original cong- The device has been designed for a spectral bandwidth starting from 450 to 550 nm with a 0.5 dB ripple depth.
Larger spectral bandwidths can be achieved with bigger ripple depth criteria. Acousto-optic deectors used as dispersive elements present a wider angular separation in comparison with conventional prisms or grating dispersive elements. Moreover, the Bragg acousto-optic interactions imply only one diraction order, leading to high diraction eciency. It is a dynamic diraction grating:
the intensity of the diracted orders can be modulated.
The proposed conguration can be extended to any optical domain in the transparency range of tellurium dioxide which is large from ultraviolet to infrared light beams.
